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This  report  is  the  first  in  a  planned  series  of  the  study  of  high 
pressure-temperature  coefficient  propellant  for  the  M2C3  charge* 
Contained  in  this  report  is  propellant  data  for  PY77  and  FY79 
production.  As  data  for  FY30  and  subsequent  years  becomes  available 
this  report  will  be  updated  and  continued  until  the  high  pressure** 
temperature  coefficient  problem  is  resolved. 
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Abstract 

‘Tbs  M203  propsliing  cbsrgs  bad  exhibited  a  bigb  lot  to  lot 
variability  of  gun  pressure  (at  hot  firings)  in  tbs  rscsnt 
production  lots.  A  statistical  analysis  was  conducted  to 
search  for  possible  cause  of  the  variability.^ 

A  computer  data  file  was  ganerated  for  storing  the  data.  Two 
computer  programs  provided  by  MXSD  were  used  for  speeding  up 
the  snalysis.  In  addition  several  computer  programs  were 
written  to  retrieve  data  for  the  plotting  routine  and  for  the 
stepwise  regression  analysis,  • 

Two  types  of  trends  were  observed  from  the  plots  and  were 
summarized  in  Appendix  1.  Results  of  the  stepwise  regression 
indicated  that  the  pH  value  '  (Nitroguanidine)  and  %  Total 
Volatile  (composition)  show  a  relatively  high  correlation  to 
the  gun  pressure  (at  hot  firings) ,  also,  the  %  Graphite 
(composition)  and  the  combination  of  %  Total  Volatile 
(composition)  and  %  Moisture  (Potassium  Sulfate)  exhibit  a 
functional  relationship  with  the  DP/DT  (70  to  145) °P 
(difference  in  pressure/at  different  temperature  range) .  A 
summary  of  the  final  regression  results  is  presented  in 
Appendix  2. 

Some  major  changes  in  the  source  of  ingredients  and  process 
conditions  were  observed  from  Radford  Manufacturing  data.  In 
FY79,  the  supplier  of  the  Ethyl  Centralite  was  switched  from 
Cbemische  Werke,  West  Germany  to  Van  de  Mark,  New  York.  The 
source  of  Potassium  Sulfate  was  also  changed  from  Naval  Ammo 
Depot  Crane,  Znd.  to  Mellinekrodt  Inc.  In  the  same  year,  the 
amount  of  graphite  added  to  the  process  of  blending/glazing  was 
reduced  from  5  lb  6.4  oz  to  3  lb  per  5400  pounds  of 
propellant. 


Introduction 

M30A1  propellant  produced  in  Till  for  the  15SMM  M203  propelling 
charge  exhibited  a  pressure  -  teaperature  coefficient  of 
approximately  60  psi/°F  at  the  teaperature  range  froa  70°F 
(aabient)  to  145°F  (hot) .  All  the  hot  firings  of  these 
particular  M203  prop  charges  resulted  in  relatively  low 
pressures.  The  saae  type  of  propellant  manufactured  in  FY79 
has  exhibited  a  pressure  teaperature  coefficient  of  about 
double  the  coefficient  observed  in  FY77  production.  The  hot 
firings  in  this  case  have  resulted  in  higher  pressures.  These 
high  pressures  have  significantly  reduced  the  safety  aargin 
between  the  service  pressure  and  maximum  pressure  requirements, 
which  were  enjoyed  froa  FY77  production. 

To  investigate  the  cause  of  variability  of  the  pressure  - 
teaperature  coefficient,  Radford  AA?  was  requested  to  furnish 
all  manufacturing  data  including  those  acceptance  test  results 
of  all  ingredients. 

This  report  is  a  statistical  analysis  of  all  the  data  provided 
by  Radford  AAP. 

Discussion 

A  statistical  analysis  of  all  manufacturing  data  including  the 
acceptance  test  results  of  all  ingredients  was  conducted.  The 
purpose  of  this  analysis  is  to  search  for  any  functional 
relationships  between  the  manufacturing  data  and  pressure  - 
temperature  coefficient.  Besides  the  pressure  -  temperature 
coefficient,  other  output  results,  such  as  the  closed  bomb  and 
peak  chamber  pressure,  were  also  considered  during  the 
analysis.  Since  the  output  results  depend  highly  on  the 
manufacturing  data  (purity  of  the  ingredient,  process,  etc) 
therefore,  the  output  results  in  this  case  are  defined  as 
dependent  (or  response)  variables  and  the  manufacturing  data 
defined  as  independent  variable.  The  dependent  and  independent 
variables  which  were  considered  in  this  analysis  are  summarized 
in  Table  1  and  Table  2,  respectively. 

Two  types  of  approach  have  been  utilized  in  this  analysis.  The 
first  approach  is  to  plot  the  manufacturing  data  against  the 
pressure  -  temperature  coefficient  or  other  output  results.  By 
plotting,  a  decreasing  or  increasing  trend  could  be  easily 
identified.  The  second  approach  is  to  conduct  a  stepwise 
regression  analysis  on  those  variables. 


This  stepwise  regression  is  a  statistical  procedure  of 
selecting  the  best  correlated  independent  variables  for  a 
particular  dependent  variable,  and  fit  then  into  a  regression 
equation.  A  preselected  F  value,  F(l,n-2,o0,  is  required  in 
this  stepwise  procedure  and  is  highly  dependent  on  the  degrees 
of  freedom  (n-2;  where  n  is  the  number  of  observation)  and  the 
specified  percent  of  confident  level  (  0*.  )  of  the  entering 
independent  variable.  The  preselected  F  value  in  this 
particular  analysis  is  5.12  and  was  obtained  from  the  F 
distribution  table  at  F(l,7,0.95).  The  process  of  selecting  is 
based  on  the  partial  F  value  calculated  at  each  stage.  Zf  the 
calculated  F  value  of  a  entering  independent  variable  is 
greater  than  the  preselected  F  value,  the  variable  will  be 
retained  into  the  regression  equation}  otherwise,  the  variable 
will  be  rejected  and  another  variable  will  be  entered.  This 
process  is  continued  until  no  more  variables  will  be  entered 
and  no  more  are  rejected. 

After  selecting  the  best  variables  through  comparison  of  the  F 
values,  a  correlation  coefficient  (R2)  will  be  calculated. 

This  correlation  coefficient  is  an  indicator  of  measuring  the 
degree  of  correlation  of  the  variables.  As  the  correlation 
coefficient  approaches  to  unity,  the  regression  equation 
obtained  from  the  stepwise  procedure  will  become  a  precise 
model  representing  the  relationship  between  the  independent  and 
dependent  variables.  This  equation  will  be  further  used  to 
predict  the  outcome  of  the  dependent  variable  with  a  given 
value  of  the  independent  variable. 

Because  of  a  large  amount  of  data  involved,  a  computer  data 
file  was  then  generated  to  store  them.  Two  computer  programs 
provided  by  HZSD  were  utilized  to  speed  up  the  analysis.  One 
program  is  used  to  plot  graphs  and  the  other  one  is  used  to 
conduct  the  stepwise  regression  analysis.  Several  computer 
programs  were  also  prepared  to  retrieve  data  for  plotting  and 
as  well  as  for  the  stepwise  regression  analysis. 

After  plotting  all  the  manufacturing  data  against  the  pressure 
data  or  other  output  tested  results,  two  types  of  trends  were 
actually  observed  with  the  following  classification  (a)  strong 
trend  (b)  slight  trend.  Both  of  these  trends  are  summarized  in 
appendix  1. 
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Four  independent  variables  which  belong  to  the  strong  trend 
category  have  been  retrieved  Cor  the  stepwise  regression 
analysis.  The  dependent  variables  which  are  used  in  the 
regression  are  the  pressure  data  (fired  at  14S°F)  and  DF/DT 
(70  to  145®F  ,  difference  of  pressure  data  at  the  temperature 
range  from  70  to  14S°F) .  The  result  of  the  regression  has 
indicated  that  the  pH  value  (nitroguanidine) ,  contained  F  value 
equal  to  15.837,  and  «  graphite,  contained  F  value  equal  to 
30.90,  show  a  relatively  high  correlation  to  the  pressure  at 
145°F  and  DF/DT  (70  to  145) ®F,  respectively,  A  summary  of 
the  final  result  of  regression  analysis  is  presented'  in 
Appendix  2. 

One  major  problem  noted  during  the  analysis  was  that  some  data 
represented  the  ingredients  at  time  of  purchase  rather  than 
when  it  was  utilised.  For  example,  all  the  average  particle 
diameters  of  the  nitroguanidine  were  measured  at  the  source. 
This  material  was  then  stored  for  several  years  before  use. 
Because  of  inadequate  storage  conditions,  the  crystal  structure 
is  believed  to  have  grown.  Although  this  report  showed  no 
correlation  of  nitroguanidine  size  with  pressure  obtained, 
analysis  of  particle  size  at  the  time  of  use  might  correlate. 
But  this  additional  data  was  not  available  at  the  time  of  this 
analysis.  Also  some  parameters  upon  review  showed  little  to  no 
variation  in  recorded  values  and  were  not  utilized  in  this 
analysis.  In  addition,  some  major  changes  which  were  noted 
from  the  Radford  manufacturing  data  are  important  enough  to  be 
mentioned  in  this  report.  These  changes  are  as  follows: 

1.  Changes  in  source  of  ingredients: 

a.  In  1977,  the  original  supplier  of  Ethyl  Centralite 
was  Chemische  Werke,  West  Germany.  In  FY79,  Van  De  Hark,  New 
York  has  become  the  new  supplier  of  this  ingredient. 

b.  Potassium  Sulfate  was  originally  obtained  from 
Naval  Ammo  Depot  Crane  (manufacturer  unknown)  and  is  currently 
obtained  from  Mallinckrodt. 

2.  Changes  in  process  conditions:  In  FY79  the  amount  of 
graphite  added  to  the  process  of  blending/glazing  was  reduced 
from  5  lb  6.4  oz  to  3  lb  per  5400  pounds  of  propellant. 
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Conclusions 

1.  Tbs  analysis  of  data  showed  the  following: 

a.  Data  plottings  of  independent  variables  (e.g.  %  Total 
Volatile,  %  Ethyl  Centr elite,  etc.)  vs  dependent  variables 
(e.g.  pressure  at  14S°F,  DP/DT  (70  to  145) °F,  RQ,  etc) 

Indicates  the  existence  of  strong  and  slight  trends  (see 
Appendix  1).  For  example,  several  independent  variables  (e.g. 

%  Graphite,  %  Total  Volatile,  pH  of  Nitroguanidine,  etc.) 
appear  strongly  to  increase  the  pressure  (145°F)  of  the 
propellant. 

b.  Results  of  stepwise  regression  analysis  indicated  that 
the  pH  of  Nitroguanidine  and  %  Graphite  in  the  propellant  show 

a  relatively  high  correlation  to  the  pressure  at  145°F 
and  DP/DT  (70  to  145) °F  (difference  of  pressure  at 
temperature  range  from  70  to  145°F) ,  respectively.  A  summary 
of  the  final  results  is  presented  in  Apendix  2. 

2.  There  was  insufficient  data  available  to  determine  the 
following: 

a.  If  changes  in  physical  data  of  a  consti tu«nt  material 
from  time  .of  manufacture  to  the  time  of  incorporation  into  the 
propellant  affect  the  pressures  obtained. 

b.  If  changes  in  sources  of  supply  of  constituent 
materials  affect  pressures  obtained. 

c.  If  changes  in  process  conditions  affect  pressures 
obtained. 

Recommendations 

Based  on  the  preliminary  results  obtained,  it  is  recommended 
that  the  study  be  continued  to: 

a.  Evaluate  those  parameters  which  appear  to  cause 
pressure  increase. 

b.  Determine  if  the  following  factors  affect  the  pressure 
observed: 

1.  Aging  /storage  conditions  of  constituent  materials. 

2.  Changes  in  source  of  supply  of  constituent 
materials. 

3.  Changes  in  propellant  processing  conditions. 
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Table 


Suraary  of  Independent  Variables  Used  In  The  Plotting 


Volatile  Content  (  *  )  V.C.  (BTH) 


Length  (Grain  Dimensions) 


Table  3: 

Result  of  plots  with  strong  trends 
and  slight  trends 


Year  Storage  o 
Nitroguanidine 


Appendix  it  Evaluation  of  Computer  Graph  Output 

Aa  previoualp  mentioned  all  plot*  war*  generated  bp  a  coapucar  program. 

A  tie la  and  a  eabl*  of  data  appaar  on  averp  plot*.  Tb*  valua*  liacad  at 
eh*  loft  aid*  of  eha  eabl*  ar*  tb*  valuaa  of  eh*  iad*p*nd*nc  variable  and 
war*  ploecad  on  eh*  X  coordinate)  lifcewia*,  eh*  valuaa  ae  eh*  right  aid* 
ar*  belonged  to  eh*  d*p*adane  variable  and  war*  d«aign*e*d  on  T 
coordinae*.  Thaa*  pair*  of  Z,T  valuaa  are  arranged  in  a  chronological 
order.  A  apnbol  X  on  eha  plot  ia  an  indication  of  eh*  firae  pair  of  X, 
T  value  being  plotted.  The  reae  of  daea  waa  than  ploee*d  and  connected  - 
bp  eh*  lines  in  a  chronological  order. 

Tppea  of  trend*  obaerved  from  eha  ploea  ar*  aumariaad  below. 


A.  Sineaary  of  The  Strong  Trend  Ploea 
fit  ♦  Independent  Variable  Va. 
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2  ToCal  Volatile  (X  Coapoaieion) 

3  X  Kchpl  Centralita  (X  Coapoaieion) 
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Preaaure  at  143 °F 
Preaaure  at  145°P 
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Appendix  2  *  Stepwise  Regression  Analysis 

The  -regression  equation  used  in  this  analysis  is  described  as  follows: 

t  -  B0+  B1X1  +B*2  + . +  Bi  Xi  +6 

where 

T  represents  the  dependent  variable 

Xi#  X2 . Xi  are  the  independent  variables 

Bl,  B2-...Bi  are  the  coefficient  constants  of  the 
independent  variables 

€  is  the  random  error  in  each  production  lots 
B0  is  the  constant  of  the  equation 

The  entering  independent  variables  are: 

1.  %  Total  volatile  (composition) 

2.  «  Graphite  (  •  ) 

3.  %  Moisture  (  ■  ) 

4.  pH  Value  (Nitroguandine) 

The  entering  dependent  variables  are: 

1.  Pressure  fired  at  145°F 

2.  DP/DT  (70  -  145) OP 


Defination  of  the  regression  results 
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